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Pictured: A DC dielectrophoretic 
microdevice patterned silicon wafer. 
An elastomer is cast onto the wafer 
to form a mold of the microdevice. 
Blood samples are introduced into 
the ports for electrokinetic testing.
edical diagnosis often relies on the recognition of an initial symptom fol-
lowed by expensive and time-consuming laboratory procedures that are 
outsourced to special analytical laboratories. 
Lab-on-a-chip technology has the potential to replace of  ine lab analysis with 
point-of-care blood tests that could provide the patient with positive or negative 
results—along with quantitative information on disease progression—in less than 
 ve minutes. This has already been accomplished with blood glucose meters. 
Imagine having such technology for common blood chemistry panels, or 
even for early detection of diseases such as leukemia. Rapid, inexpensive tests 
requiring very small sample volumes could enable diagnosis much earlier in the 
progression of a disease, and subsequently provide the potential for preventative 
treatments.
Adrienne Minerick has been exploring dielectrophoresis—a special nonlinear 
electrokinetic tool that polarizes cells via non-uniform alternating current (AC) 
 elds. Her research team has discovered that erythrocytes (red blood cells) 
move up or down the electric  eld gradient based upon the antigen molecules 
expressed on the cell membrane surface.
Antigens on erythrocyte membranes determine blood type,” Minerick 
explains.  “Due to transfusion compatibility, the most common system is the 
ABO system where eight blood types (A+, B+, AB+, O+, A-, B-, AB-, and O-) 
differ by the expression of a combination of three antigens and two antibodies.” 
Microdevices have  uid channels and chambers whose dimensions are on 
the order of 10-6 meters in size and hold nanoliter sample volumes. Electric 
 elds are commonly employed to move  uids and these same electric  elds can 
be used to characterize and manipulate cells, large molecules, and even ions. 
Minerick has conducted preliminary dielectrophoretic screening experiments at 
an AC frequency of 1 MHz in custom-designed microdevices. “The experiments 
indicate that O+ red blood cells can be distinguished with greater than 95 per-
cent con  dence from other blood types. This technology could make portable 
blood typing devices for use in emergency situations or remote  eld locations a 
reality.”
 Minerick and her research team have also found that by tuning the AC fre-
quency to the kHz range, subcellular diagnostic applications are easily realizable. 
In this frequency range, erythrocytes from the eight blood types rupture due to 
 eld-induced membrane instabilities at slightly different resonant frequencies 
indicating that molecular expression of antigens in  uences membrane integrity. 
“This phenomena is useful from a diagnostic standpoint,” notes Minerick. 
“As the cells rupture, the interior molecules are released into the surround-
ing medium and can be analyzed via linear electrophoretic separations and 
detections. The potential for rapid medical diagnosis is substantial. With a 
lab-on-a-chip technology, the approach to medical care will likely change from 
a symptoms-dominated diagnosis to a chemical diagnosis, with rapid treatment 
and advances in disease management and prevention.”
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a small paper clip could 
be implanted nearby 
to check for leaks. 
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Pictured: CFD Model for a 5.4L V8 
engine with cooling jacket (in blue), 
along with a predicted engine head 
temperature pro  le.
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Speeding the way with computational 
 uid dynamics
hroughout aero-vehicle evolution, scientists and engineers have 
attempted to improve engine ef  ciency—making engines smaller, lighter, 
quieter, fuel-ef  cient, and yet more powerful.
Song-Lin (Jason) Yang has been studying jet engines since 1989, using 
computational  uid dynamics (CFD) to examine problems in engine  uid 
mechanics, heat transfer, and combustion. 
“When I was in school, CFD was practically unheard of,” notes Yang. 
“Back then, aircraft design was mainly conducted in a wind tunnel, with 
little or no computational  uid dynamics. Today about 75 percent of jet 
engine design research is accomplished with computer modeling. CFD is so 
popular and so powerful that it has become a separate discipline. It is simply 
faster and cheaper than fabricating hardware and doing experiments. Wind 
tunnel tests are now used for other steps, including model calibration, valida-
tion, and product reliability.”
CFD provides guidance to engineers by identifying the performance char-
acteristics of various engine components—information that can then be used 
to develop, analyze, integrate, and optimize the system performance. CFD 
uses numerical algorithms to analyze problems that describe the conserva-
tion laws of mass, momentum, energy, and chemical species. Computers 
perform the millions of calculations required to simulate the interaction of 
 uids with surfaces de  ned by boundary conditions and geometries.
In particular, Yang is an expert on KIVA code, a modeling and simula-
tion code developed by Los Alamos National Laboratory that simulates 
multidimensional compressible turbulent in-cylinder  ow with sprays. He 
incorporated a conjugate heat transfer model into KIVA code for the study 
and control of engine knock and the design of engine cooling systems. 
To better model the anisotropic turbulent  ow, Yang also incorporated a 
Reynolds stress turbulent model into KIVA code to simulate complex engine 
 ow.
In addition to CFD research, along with his students, Yang developed a 
thermodynamic cycle analysis code to conduct parametric studies of a 
dual-spool, separate-  ow turbofan jet engine with an interstage turbine 
burner (ITB). “The ITB serves as a secondary combustor,” Yang explains. 
“It increases thrust and reduces NOx. Almost all commercial aircraft engines 
have a transition duct between the high-pressure and the low-pressure 
turbine. It makes a lot of sense to make use of the existing space.” Using 
design parameters such as  ight Mach number, compressor pressure ratio, 
fan pressure ratio, fan bypass ratio, Yang is able to de  ne performance 
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Enabling new thermal system designs
very signi  cant knowledge and technology gap exists between modern-day 
refrigeration and air-conditioning systems and the ones required for extreme 
thermal applications like space exploration. Amitabh Narain’s cutting edge research 
is expected to enable development of new technologies and systems of interest to 
NASA, the US Air Force, and the electronics/avionics cooling industry. 
Vapor compression cycles employing boilers and condensers work reliably in 
traditional refrigeration and air-conditioning applications but fail to work reliably under 
shear/pressure driven and high heat-  ux conditions. Yet shear/pressure driven min-
iaturized vapor compression cycles remain a system of choice for modern, densely 
packed electronics applications. These applications demand removal of heat-  ux in 
excess of 1kW/cm2 from a compact heat source location to a compact heat rejection 
location. 
Nothing short of trailblazing, Narain has developed experimental and computational 
simulation capabilities in order to close this knowledge and technology gap. One of 
the world’s leading experts on  lm condensation and two-phase  ows, Narain mea-
sures  ow with modern sensors,  ow visualization, and real time data acquisition and 
processing. By modeling the complicated processes in condensing  ows, Narain’s 
contributions have led to a better understanding of the basic convective transport 
mechanisms. In fact, little fundamental progress has been made in this industrially 
important research since the classical solutions of Wilhelm Nusselt in 1911.
“Our three independent computational simulation capabilities have yielded results 
that are consistent with one another and relevant experiments,” notes Narain. “These 
supportive simulations resolve the physics at the interface. They also locate the 
dynamic liquid-vapor interface in the annular wavy regime, and make detailed predic-
tions of the  ow and heat-transfer rates.”
Future thermal systems will need to employ condensing/evaporating  ows driven by 
shear and pressure forces alone. “These  ows behave quite differently from  ows that 
are in  uenced by gravitational forces,” adds Narain. The prediction and control of such 
 ows are important for the development of new miniature cooling technologies for 
electronics and avionics, the kind that employ m-mm scale condensers/evaporators, 
as well as new space-based thermal management systems and space-based Rankine 
cycle power generation systems being considered for long-duration manned space 
missions to the moon and Mars.
Narain and his research team have recently found an important new result that 
identi  es a unique feature of boundary condition sensitivities in condensing/evaporat-
ing  ows. “The value of the mean  ow variables depend on ever-present  uctuations, 
thermal conditions at the heat-exchange surface, upstream inlet conditions, and, also, 
downstream exit conditions,” he explains. “Non-natural impositions of exit pressure 
values rearrange the distribution of energy consumption rates in the interior of the 
 uids and at their interface. This alters the mean interfacial mass-transfer rates, wall 
heat transfer rates, and often triggers long and vexing thermal transients in the metal 
walls of the condenser.”
The team’s ongoing research focuses on the fundamental characterization of 
condensing and boiling  ows and developing the kind of better predictive and  ow 
























16 | Michigan Technological University
urrent wind turbine blade technology, based on composite laminates, is labor intensive 
and requires a highly quali  ed workforce, creating a critical bottleneck in terms of indus-
trial workforce and infrastructure. This hampers a rapid expansion of wind energy in the US. 
The monolithic conception of today’s blades also poses huge challenges in terms of 
transport logistics and crane capacity. Blades operate under a complex combination of 
 uctuating loads. Huge size differences complicate the extrapolation of experimental data 
from the wind tunnel to the prototype scale. The complex interaction of physical processes 
that characterize the coupled aeroelastic problem still exceeds the capacities of existing 
commercial simulation codes. 
Fernando Ponta has been awarded a 2010 Faculty Early Career Development Award 
from the National Science Foundation to help reduce the uncertainties related to wind 
turbine blade dynamics. 
“There is a very understandable tendency of the industry to be cautious with the intro-
duction of new concepts in blade design and construction—even though it could cut down 
weight and reduce the amount of quali  ed labor and the use of expensive materials,” Ponta 
explains. “New blade design would be likely to introduce unpredictable changes in the 
aeroelastic response, and that would involve a major reliability risk. This risk becomes even 
greater when considering more innovative and promising ideas like the 
adaptive-blade concept, which involves aeroelastic tailoring 
of the  exo-torsional modes of the blade structure, or a 
segmented-blade concept that could be split into 
easy-to-handle, cheap-to-produce modules.”
To help solve this dilemma, Ponta and his 
research team are creating a virtual test
environment where the aeroelastic dynamics
of innovative prototype blades and their
associated control strategies can be tested 
at realistic, full-scale conditions. 
Ponta has combined two advanced numerical 
models implemented in a parallel HPC supercomputer platform. The  rst is a model of the 
unsteady separated  ow that simulates the complex dynamics of the vortex-shedding pro-
cess and associated aerodynamic forces. The second is a model of the structural response 
of heterogeneous composite blades, which can reduce the geometrical complexity of the 
blade section and allow accurate modeling of the 3D blade structure as a 1D  nite-element 
problem.
Both models are solved simultaneously in a common ODE framework, which allows for 
the simultaneous analysis of the aeroelastic problem together with any innovative control 
strategy, into a single computationally ef  cient self-adaptive algorithm.
Ponta and his research team have  rst been testing their own designs, from standard to 
increasingly innovative blades. “In terms of blade design, our ultimate objective is to create a 
reliable adaptive blade of segmented construction that can be mass produced at a fraction 
of the current cost,” says Ponta. “In terms of dynamical modeling, the goal is to provide the 
industry with a tool that helps them to introduce new technological solutions to improve the 
economics of blade design, manufacturing and transport logistics, without compromising 
reliability.”
Pictured: Typical 
geometry of a classical 
blade, with detailed 
views of the  nite-
element meshes for the 
internal structure and 
the  ow  eld around the 
airfoil sections.
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Understanding and mitigating 
hydroclimatic risk
he weather has long been a popular topic of conversation. 
Recently, climate change has also become a frequent topic of 
discussion and debate. Between these two—weather, which can 
be forecast about a week in advance, and climate change, which 
becomes apparent over decadal timescales—scientists are gaining a 
better understanding of seasonal and interannual climate variability.
David Watkins is working to bring together climate scientists and 
water resources decision makers to put this new understanding 
of climate variability to use in mitigating the risk of natural hazards 
such as droughts and  oods. “Forecasting climate variables such as 
temperature, precipitation, and ice cover on a seasonal or interan-
nual time scale is a lot like rolling dice,” he notes. “Making predictions 
based only on historical observations—say, what happened in the 
last  fty winters—is analogous to  ipping a coin.”
Using statistical models and computer simulations of ocean and 
atmospheric circulation, scientists can provide seasonal climate fore-
casts with shifted odds, such as a three-quarters chance that the 
coming winter will be warmer than normal.
Partnering with researchers at Columbia University, University of 
Massachusetts, and Tufts University, Watkins and his research team 
are developing seasonal climate forecasts that will be useful for water 
managers in the US and abroad. They are also developing decision 
support systems that allow water managers to test those forecasts 
and understand the potential bene  ts (and limitations) of using them. 
In all cases, this involves not only technical change, but also social 
and institutional changes.
“Water agencies are averse to using new methods that could 
expose their customers and stakeholders to greater risk, such as in 
the event of a bad forecast,” adds Watkins. “In developing countries, 
the consequences of bad forecasts are often more severe than in 
the US because of limited economic resources and greater social 
vulnerability. New economic instruments such as water markets and 
insurance programs, and ‘backup’ water supplies such as ground-
water resources are being explored as possible options to limit the 
downside risk of using climate forecasts.”
Watkins is also focused on mitigating the hydrologic impacts of 
climate change. “Water resource professionals are just beginning 
to develop decision making frameworks that can handle the large 
uncertainties in long-term climate forecasts, which look out decades 
or even a century into the future,” he says. “Better management of 
hydrologic risks under the current climate prepares us to adapt more 
effectively to whatever climate change may hold for the future.”
Engineering Research 2010 | 21
Pictured: A boy stands in the 
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Pictured: A dense plume of volcanic 
ash drifts south of Eyjafjallajökull 
NASA MODIS satellite image captured 
on April 19, 2010. Most European 
airspace remained closed until 
he impacts of volcanic eruptions can extend anywhere—from the immediate  anks of 
the volcano to regions thousands of kilometers downwind. This was brought starkly to 
the world’s attention during the eruption of Iceland’s Eyjafjallajökull volcano in April 2010. 
Volcanic ash clouds from Eyjafjallajökull drifted over Europe, resulting in the shutdown of 
highly frequented airspace over the continent and major economic impacts. The erup-
tion highlighted the need to accurately forecast volcanic eruptions and track the resulting 
volcanic ash and gas clouds as they drift through the atmosphere. 
Simon A. Carn’s research addresses both of these problems through the use of state-
of-the-art satellite remote sensing data to predict eruptions and map volcanic clouds. A 
major focus is on measurements of atmospheric concentrations of sulfur dioxide (SO2), 
a gas produced in signi  cant quantities by active volcanoes, along with water vapor and 
carbon dioxide (CO2). Measurements of SO2 emissions have been used to monitor vol-
canic unrest for several decades, but only recently has it become possible to detect SO2
emitted by volcanoes in a pre-eruptive state from space. Carn and his collaborators lead 
efforts to demonstrate the value of the satellite SO2 measurements and incorporate them 
in volcano monitoring programs. The same satellite techniques are critical for tracking vol-
canic eruption clouds, in order to avoid aircraft encounters with these hazardous mixtures 
of gas, ash particles and acid aerosol. 
Measurements of volcanic SO2 emissions are also needed to mitigate and understand 
the climate, environmental and health impacts of volcanic degassing. “After emission, 
SO2 eventually converts to sulfuric acid aerosol that re  ects sunlight and cools the 
underlying atmosphere, particularly if emitted into the stratosphere by a large volcanic 
eruption,” Carn explains. “The potential climate impacts of SO2 are so signi  cant that 
there are proposals to arti  cially counteract global warming by injecting SO2 into the 
stratosphere using rockets or balloons, so-called ‘geoengineering’.” Carn’s research 
group maintains a database of SO2 emissions from global volcanic activity that is widely 
used to model volcanic effects on climate and to monitor natural  uctuations in atmo-
spheric SO2 abundance.
Events such as the 2010 Eyjafjallajökull eruption may happen only once in a genera-
tion, but they have the potential to alter the future course of volcano science and policy. 
“Because of its impacts and the media spotlight on the eruption, satellite remote sensing 
tools used to track volcanic clouds will be subject to increased scrutiny in the future,” 
notes Carn. 
Another focus of Carn’s group is validation of satellite measurements of SO2. “Remote 
sensing algorithms ultimately depend on our understanding of the physics of the atmo-
sphere and on several assumptions, but validation is rare—the amount of SO2 present 
in the atmosphere estimated by remote sensing is rarely con  rmed independently,” he 
explains. After every large volcanic eruption, Carn and his collaborators gather valida-
tion datasets, such as in-situ measurements from aircraft, balloons or unmanned aerial 
vehicles (UAVs), or coincident ground-based measurements, for comparison with the 
satellite data. One successful validation was achieved after an eruption of Okmok vol-
cano (Alaska) in July 2008, which produced a SO2 cloud that drifted from Alaska over 
the northern USA, including Lake Superior. “Careful validation will become increasingly 
important as satellite measurements become incorporated in volcano monitoring pro-
grams, and more stringent post-Eyjafjallajökull requirements for volcanic cloud sensing 
are enforced.”







Pictured: Aftertreatment control research in 
Johnson’s Diesel Laboratory. Approximately 
94 percent of goods shipped in the US are 
transported on diesel-powered vehicles. 
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unique form of carbon, graphene is the basic structural element of graphite. 
Essentially a single atom-thick honeycomb lattice of carbon atoms, a sheet of 
graphene can be rolled into 2D nanotubes or stacked into 3D graphite.
In 2004, physicists from the University of Manchester and the Institute for 
Microelectronics Technology in Russia isolated individual graphene planes by using 
Scotch tape on graphite crystals. In 2005 the same Manchester group, along with a 
research group from Columbia University, demonstrated that graphene electrons are 
massless Dirac fermions—giving graphene unique electronic and optical properties. 
These recent discoveries have led to an explosion of interest in graphene. 
One major challenge: Graphene has previously only been produced in very small 
quantities, limiting how well it can be measured, understood and developed. 
Michael Mullins is working to synthesize single graphene sheets in the lab. “Our goal 
is to make large enough quantities of graphene so that it can be shared with other 
researchers around the world who are studying it for future applications,” he says.
Less than one nanometer thick, a graphene sheet is transparent. “Even several 
layers are still transparent,” notes Mullins. 
Graphene displays bipolar transistor effect, ballistic transport of charges, and large 
quantum oscillations. It can also transport electrons more quickly than other semicon-
ductors, a quality called electron mobility.
“It’s clearly a breakthrough material,” says Mullins. “Graphene possesses the high-
est strength of any material. It has among the highest heat and electrical conductivity 
of any material. It can be incorporated into a great number of applications. Graphene 
can be added to polymers for fuel cell dividers. It can be used in battery electrodes. It 
is an excellent conductor with a high surface area that can exceed, 2000 m2 per gram. 
A graphene sheet is the basic building block for many forms of carbon, including the 
nanotube. In fact, graphene is a next-generation material beyond the nanotube. But 
we need to make enough of the material to make it useful.”
“Attempting to split bulk graphite into single sheets of graphene is not a very easy 
process. It can require extreme conditions,” Mullins admits. His team is currently 
exploring two techniques. The  rst uses very strong acids followed by rinsing with 
an organic solvent. They run the mixture through an extremely  ne  lter to collect the 
sheets. The second uses supercritical carbon dioxide, which adsorbs between the 
graphite planes, expanding the sheets. This is followed by an injection of a surfactant 
material to hold the sheets apart so that they can be more easily separated in solution.
As the director of the Center for Fundamental and Applied Research in 
Nanostructured and Lightweight Materials (CNLM), Mullins has assembled the talents 
of several researchers working on a wide variety of projects—from heat-tolerant mate-
rials to replace the polymer electrolyte membrane in fuel cells to a nickel hydroxide 
battery electrode that can deliver more power than the batteries now in use at half the 
weight. Other projects include nanoencapsulation of pharmaceuticals, and nano  bers 
that are used as a lattice to regenerate nerve axons.
“The thing that ties all our research together is the engineering of hybrid materials at 
the nanoscale—polymers, ceramics and carbon.”
























Pictured: Convergent Beam 
Electron Diffraction (CBED) 
of a new generation Li primary 
Using the power of materials engineering
echargeable batteries store energy produced by power companies for use in a 
myriad of mobile devices. Not just for entertainment, medical devices such as 
implantable de  brillators and cochlear implants must also have a mobile power supply. 
On top of a growing need for batteries that can be used to reliably power small devices, 
there is also a need for large, rechargeable batteries in hybrid electric vehicles.
Steve Hackney investigates materials for use in advanced energy storage systems—
aka batteries.
His research team collaborates with investigators from national labs, industry, and 
other universities to solve the important problem of materials degradation in recharge-
able lithium ion batteries.
“We’re always looking for ways to improve the performance of battery electrode 
materials,” Hackney explains. “Materials structure changes during the charge/discharge 
cycle is what cause batteries to fade. From a microstructural point of view, there are still 
many unanswered questions about how and why electrode materials degrade during 
service.”
Hackney and his team study battery electrodes made of cobalt and manganese 
lithium oxides, metal alloy, and metal/carbon composites using high-resolution trans-
mission electron imaging and convergent beam electron diffraction. 
Successful battery chemistry requires that electrode materials hold up to repeated 
changes in volume and crystal structure during the charge/discharge cycle. “This is 
needed to avoid the loss of the mechanical integrity of the electrode,” says Hackney. 
“Battery materials investigation involves a unique, multi-disciplinary approach, one 
involving crystal structure analysis, thermodynamics, kinetics and mechanics.”
Over the years, Hackney helped develop a speci  c strategy for electrode materials 
development, engineering the material structure and chemistry on a nanometer scale. 
One such nano-composite approach is now being pursued in an attempt to increase 
the electrical capacity per unit volume by a factor of 1.5 to 2 in the positive electrode. 
“This is accomplished by combining small amounts of low capacity, stable crystal 
structures with high capacity unstable crystal structure,” Hackney explains. “To be 
effective, this combination of phases must occur at the atomic scale.”
More recently, a group of Michigan Tech faculty has developed an education pro-
gram in vehicle electri  cation. “My part is to educate engineers on how the battery is 
developed for—and how it behaves within—the electric or hybrid drive train system. 
Based on what I am seeing in terms of industry needs, I believe a whole new research 
and engineering development effort is required to understand how the electric vehicle 
drive train control strategy effects battery performance and lifetime, and in turn how the 
control system must be recalibrated as the long and short term battery performance 
changes.”












Engineering Research 2010 | 35
36 | Michigan Technological University





38 | Michigan Technological University
A champion of discovery-based learning
illiam W. Predebon, professor and chair in the Department of Mechanical 
Engineering–Engineering Mechanics, has been a devoted and transforma-
tive leader on campus for more than thirty years. 
He earned his bachelor’s degree from the University of Notre Dame in 1965 
and his master’s and doctorate from Iowa State University in 1968 and 1970, 
respectively. He joined the ME-EM department in 1975. He was associate chair 
from 1993-1997 and has been chair of the department since 1997—and has 
transformed the program.
Under his watch, ME-EM has made great strides in conducting interdisciplin-
ary research, growing the doctoral program, expanding research funding, and 
updating the curriculum and laboratories. “The world is changing, and we need 
to respond to its challenges and opportunities,” he says. “Our graduates must 
be prepared for a very competitive, global marketplace.” 
He also has brought diversity to both the faculty and student body. “Diversity,” 
he says, “is something that should be part of our fabric.” 
Predebon is a champion of discovery-based student learning. He led 
efforts to create the Michigan Tech Learning Resource Center for Self-Paced 
Programmed Instruction, the ME-EM Engineering Learning Center, as well as 
a distance learning doctorate degree in mechanical engineering, and a Design 
Engineer Certi  cate program with General Motors in 2000. More than six hun-
dred GM employees earned the certi  cate. Last year Predebon started a Peace 
Corps Master’s International program in mechanical engineering at Michigan 
Tech, the  rst and only one of its kind in the nation. “People often don’t think 
about mechanical engineering in connection with the Peace Corps,” he says, 
“but many Peace Corps projects, such as pumps and indigenous energy sys-
tems, demand mechanical engineering skills.”
A fellow of the American Society of Mechanical Engineers, Predebon has 
received numerous honors, including membership in Michigan Tech’s Academy 
of Teaching Excellence; the Outstanding Service Award for his work with the 
student chapter of the Society of Automotive Engineers; the  rst annual Martin 
Luther King Award by the Black Student Organizations; and the Distinguished 
Teaching Award. As well, he received the Distinguished Faculty Award from the 
Michigan Association of Governing Boards of Colleges, and the Michigan Tech 
Honorary Alumni Award.
He has been deeply involved in the University’s fundraising efforts, having 
completed one departmental campaign and currently leading a second; has 
advised both the Nordic and Alpine ski teams and Delta Sigma Phi fraternity; 
and has chaired campus building committees for both the Dow Environmental 
Sciences and Engineering Building and the Great Lakes Research Center.
His research in wave propagation and ceramics has involved experimental, 
analytical, and computational elements. He has been granted two US pat-
ents. His research has been supported by government agencies including the 
National Science Foundation and the Army Research Lab, and by industry 
partners such as Honeywell, Alcoa, and General Dynamics. He is a captain in 
the US Army Reserves and is a member of four honor societies.
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Pictured: An x-ray of a preterm 
infant wearing thin silver  lm 
electrodes. Only the wires 
show on the image.
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Solving problems in clinical medicine
ike Neuman joined Michigan Tech at a point in his career when some faculty 
might be considering retirement, but as he put it, he wanted to take on the chal-
lenge of helping to grow a young Department of Biomedical Engineering. An important 
part of this was helping newly hired faculty at the beginning of their careers to develop 
their individual research programs as well as to focus department research in two 
principal areas: biomaterials/tissue engineering and physiological measurement. It is 
in this latter area where his own research has been focused. In his forty-four years as 
an engineering and medical faculty member, Neuman has tried to address problems in 
clinical medicine by developing sensors and instrumentation that can help in diagnos-
ing and monitoring patients in hospital and home settings, in a way that minimizes 
inconvenience and discomfort. 
Neuman received his PhD from Case Institute of Technology in 1966 and afterwards 
taught electronics in Case’s electrical engineering department. He developed a strong 
interest in medical electronics, which was a new  eld at the time. He was particularly 
intrigued by fetal monitoring, but he knew nothing about obstetrics. “My colleagues 
encouraged me,” he said, “and asked me why I didn’t go to medical school. So I did.”
Neuman recalls an incident that happened during his medical training at Case 
Western Reserve University. “An x-ray was ordered for a preterm infant who had 
chest heartbeat and breathing sensing electrodes in place. These should have been 
removed before the image was made, since they cast shadows that interfere with 
interpretation of the  lm.” A second x-ray had to be taken with the electrodes removed 
thereby exposing the infant to double the radiation. “I remembered my dissertation 
research studying the electrical and materials properties of thin metal  lms. I’d had 
dif  culties assessing the crystal structure of the  lms—x-rays went right through them 
since they were so thin. This sparked the idea: Why not make infant sensors out of thin 
metal  lms so they would not have to be removed when an x-ray was needed?” Soon 
after Neuman made some new electrodes, and when x-rays were taken with these 
sensors in place, there was no disruption of the image.
Neuman extended his research in thin  lms, developing temperature and heat  ux 
sensors. Small sensors placed at the base of the nose and over the mouth detect 
the temperature changes in inhaled and exhaled air during breathing and are used to 
detect individual breaths and pauses in breathing known as apnea. These sensors 
have become the basis of a commercial product used in apnea monitoring and sleep 
studies. 
Today, Neuman’s interest is in applying technology to address problems unique 
to rural health care. Through his work with Portage Health in Hancock he is getting 
Michigan Tech students working on practical problems through senior design projects, 
Enterprise, and undergraduate student research projects in his lab. These projects 
include: an instrument to measure capillary re  ll time; a simple, miniature infant heart-
beat annunciator; a device to indicate when joint replacement surgery patients are at 
risk of falling during rehabilitation on a treadmill; and many others. “Michigan Tech is in 
a great position to develop instruments and devices to improve rural health care based 
on location and a strong collaboration with Portage Health,” says Neuman. “I plan to 
devote the next few years to doing just that.”
Neuman has served as editor of IEEE Transactions on Biomedical Engineering as 
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Seeing is achieving
n technical professions such as engineering, 3D spatial visualization skills and mental 
rotation abilities are especially important. Unfortunately, there is a great deal of evi-
dence to suggest that the spatial skills of women lag far behind those of men. 
Sheryl Sorby has conducted signi  cant research over the past  fteen years regard-
ing gender differences in 3D spatial skills. Her research has resulted in a textbook, 
a workbook, multimedia software, and most recently a web-based course—all sup-
ported by the National Science Foundation through a series of grants totaling nearly 
$1 million. 
“Engineering has many ‘gateway’ courses,” Sorby explains. “Typically, these are 
thought to be calculus, chemistry, and physics. But it seems that for women and 
for some men, engineering graphics may be a more signi  cant gateway. By helping 
students improve their ability to visualize in three dimensions, we are able to improve 
retention rates in engineering, particularly for female students.” 
Sorby, a professor of mechanical engineering at Michigan Tech, recently served 
as a program director within the Division of Undergraduate Education at the National 
Science Foundation. Her research shows that with training, women and men achieve 
consistent and large gains in tests of spatial skills. “First year engineering students, 
undergraduate students outside engineering, high school students and middle school 
students have all shown improvement,” she says. “Spatial skills can indeed be devel-
oped through practice.”
Sorby’s spatial skills research was recently featured in a high-pro  le AAUW 
research report entitled Why So Few? Women in Science, Technology, Engineering 
and Mathematics. The report received national media attention, and Sorby has since 
received a  ood of calls from educators who want help starting up their own spatial 
skills program.
Things are de  nitely taking off now, but it wasn’t always easy. “The assessment of 
3D spatial skills and associated gender differences has been a topic of educational 
research for nearly a century—but most of the previous work has been aimed at merely 
identifying differences,” she says. “For many years people used to say ‘Women are 
weaker in spatial skills.’ That’s too bad. That’s unfortunate.’”
Now, as director of the Engineering Education and Innovation Research Group in 
the Department of Mechanical Engineering-Engineering Mechanics, Sorby’s goal is to 
infuse the NAE Grand Challenges into undergraduate engineering curriculum. 
One study, which is funded by a National Science Foundation grant, involves meta 
cognition computer modules that can help students identify sources of motivation and 
preferred learning styles. Another pending study involves identifying middle school 
students who need spatial skills training—intervening, teaching them, and tracking them.
Another potential project involves “Sci Girls”—a PBS television show aimed at getting 
girls into math, science and engineering. The plan is to add a spatial skills component 
to the Sci Girls web site.
Sorby is also working with the Women in Engineering ProActive Network (WEPAN) 
on an NSF-funded project to implement spatial skills courses at no less than thirty 
universities over the next three years. Sorby received the Betty Vetter Award for 
Research from WEPAN in 2008. 
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The Mackinac Bridge... 
designated an ASCE National 
Historic Civil Engineering 
Landmark in August 2010. 









































Earth, Planetary, and Space Sciences Institute
emote sensing is detection and measurement from afar. It is much more than just instru-
mentation or measurement tools, and demands interdisciplinary depth.
The Earth, Planetary, and Space Sciences Institute (EPSSI) facilitates and promotes research 
and education in remote sensing and related areas by bringing together individuals and groups 
separated by departmental and/or college boundaries. 
Remote sensing represents a perspective that employs a broad morphology of disciplines.  
EPSSI faculty members from nine different departments collaborate on projects spanning 
imaging science, atmospheric science, data/signal processing, data visualization and remote 
sensing instrumentation. These are typically applied to a speci  c problem in earth system sci-
ence, ecosystem studies, limnology/oceanography, global change, and a host of other areas.     
Advanced lab facilities are part of a NASA Center of Excellence.
EPSSI’s goals are to work by consensus to promote remote sensing and related topics on 
the Michigan Tech campus through interdisciplinary coursework and programs, group funding 
efforts for equipment and research, interdisciplinary seminars and short courses, and develop-
ment of a campus culture that actively supports transdisciplinary activities.
Find out more at www.epssi.mtu.edu.
Pictured: An Advanced Very High 
Resolution Radiometer (AVHRR) image 
showing heavy ice cover on the Great 
Lakes. Synoptic views such as these 
provide rapid assessment of ice thickness 
and texture—crucial information for 
predicting shoreline erosion, impacts on the 
shipping industry, and lake effect snows.
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